Purpose: To assess the clinical significance of temporal pole abnormalities (temporopolar blurring, TB, and temporopolar atrophy, TA) detected by using 3 Tesla MRI in the preoperative workup in patients with temporal lobe epilepsy due to hippocampal sclerosis (TLE-HS) who underwent surgery. Methods: We studied 78 consecutive patients with TLE-HS who underwent surgery and were followed up for at least 2 years. Based on findings of pre-surgical 3 Tesla MRI, patients were subdivided in subgroups according to the presence of TB or TA. Subgroups were compared on demographic, clinical, neuropsychological data and seizure outcome. Results: TB was found in 39 (50%) patients, while TA was found in 32 (41%) patients, always ipsilateral to HS, with a considerable degree of overlap (69%) between TB and TA (p = 0.01). Patients with temporopolar abnormalities did not significantly differ from those without TB or TA with regard to sex, age, age of epilepsy onset, duration of epilepsy, history of febrile convulsions or birth complications, side of surgery, seizure frequency at surgery, presence of GTCSs, and, in particular, seizure outcome. On the other hand, TB patients show a less frequent family history of epilepsy (p < .05) while age at epilepsy onset showed a trend to be lower in the TB group (p = .09). Patients with temporopolar atrophy did not significantly differ from those without TA on any variable, except for age at epilepsy onset, which was significantly lower for the TA group (p < .05). History of birth complications and longer duration of epilepsy also showed a trend to be associated with TA (p = .08). Multivariate analysis corroborated the association between temporopolar abnormalities and absence of family history of epilepsy and history of birth complications. Conclusions: High-field 3 T MRI in the preoperative workup for epilepsy surgery confirms that temporopolar abnormalities are frequent findings in TLE-HS patients and may be helpful to lateralize the epileptogenic zone. Their presence did not influence seizure outcome.
Introduction
Surgery is currently accepted as an effective and safe therapeutic approach for temporal lobe epilepsy due to hippocampal sclerosis (TLE-HS) when seizures are not adequately responsive to medical treatment [1] . However, overall in cohorts with long-term follow up, a not negligible portion of patients did not achieve a seizure-free state [2] . Therefore, correct prediction of postoperative seizure outcome is of great importance in selecting patients with drug-resistant TLE-HS. Recently, several researches drew attention on other temporal lobe abnormalities beyond the hippocampus [3, 4] , suggesting, in some cases of TLE-HS, a more widespread anatomical substrate for the epileptogenesis.
Follow this research line, we recently investigated the clinical and neuropsychological characteristics of patients with temporal lobe epilepsy due to hippocampal sclerosis (TLE-HS) with temporopolar abnormalities (blurring, TB, and atrophy, TA) detected by 1.5 Tesla MRI scan who had surgery due to drugresistant epilepsy. In particular, we examined the impact of these abnormalities on long-term postoperative seizure outcome. In our series we found that the presence of temporal pole abnormalities was not predictive of seizure outcome in a long term post-surgical follow up, although it was associated to an higher age at surgery, longer duration of epilepsy and lower performance at some neuropsychological tests [5] .
In light of the increasing use of 3T MRI in presurgical workup of surgical candidates with drug-resistant focal epilepsy, we extended our recent retrospective study [5] in order to investigate the clinical significance of TA and TB in patients affected by TLE-HS who underwent surgery, preoperatively assessed with high-field 3T MRI scan.
Methods
The study was performed at the Epilepsy Surgery Unit of the IRCCS NEUROMED, Pozzilli (IS), Italy. We retrospectively studied 78 consecutive patients affected by drug-resistant TLE with radiological evidence of HS detected by using high field 3T MRI scan, who underwent resective surgery (anterior temporal lobectomy, ATL) between January 2009 and December 2014, had histologically proven HS and were followed up for at least 2 years. Based on findings of pre-surgical brain MRI, patients were classified according to the presence of TB or TA. Subgroups were compared on demographic, clinical, neuropsychological data and seizure outcome.
Diagnostic presurgical, surgical procedures, histopathology as well as seizure outcome assessment and antiepileptic drugs discontinuation scheme were described in detail in the previous report [5] .
As far preoperative 3T MRI imaging protocol as concerned, it included transverse spin-echo T2-weighted images of the entire brain, coronal and transverse spin-echo FLAIR images and coronal fast spin-echo inversion recovery T1-weighted images. The parameters as well as methodology used to review the exams were the same of those applied in our previous paper [5] .
All patients gave written informed consent to epilepsy surgery and to the processing of their personal clinical and instrumental data for research purposes.
Statistical analysis
All analyses were performed with SPSS for Mac, version 20.0. All statistical tests were two-tailed, with alpha set at 0.05. Cohen's Kappa coefficient, which is a measure of agreement after chance agreement (50% in this study) is removed, was used to measure agreement between raters about the presence or absence of temporopolar abnormalities. Then, a descriptive analysis was used to study the frequency distribution of all variables of interest.
Subsequently, the x2 test (with Yates' correction for 2 Â 2 tables) or Fisher's exact test was used as appropriate to analyse differences in categorical variables between participants with and without MRI abnormalities and with and without histopathological abnormalities, while the t-test was used to analyse differences in continuous variables.
Then, we performed multiple logistic regression analysis to identify the variables that were independently associated with TB or TA. To this purpose, we included in the models all the variables that showed significant or marginally significant associations with TB or TA in univariate analysis.
To describe the neuropsychological outcome, we considered only the two main verbal and visuospatial memory tests, i.e., the RAVLT and the ROCFT (both immediate and delayed recall), respectively. Repeated measures analysis of variance (RM-ANOVA) was used to test for significant changes over time in RAVLT and ROCFT scores, and for the interaction between time and TA and TB.
Results

Patient characteristics
A total of 118 patients affected by drug-resistant TLE underwent ATL between January 2009 and December 2014; histopathology was available for all patients and certified the diagnosis of HS with no other principal lesions in 80 patients. Two patients were excluded because had at histopathological examination a main lesion other than HS (low-grade tumour in one case, type III focal cortical dysplasia in the remaining one). There were no patients lost at follow up. Therefore, a total of 78 patients in whom preoperative 3 T MRI scans were available for revision were included in the study. Thirty-eight (49%) of them were male and 40 (51%) female. Their mean age was 39.1 years (SD = 9.5, range 18-61), and the mean duration of epilepsy was 24.8 years (SD = 10.8, range 2-46). Thirty-six (46%) had right TLE, and 42 (54%) left TLE. All patients attended the scheduled follow-up visits, with a mean follow-up period of 4.4 years (SD = 1.7, range 2-7). The preoperative neurological examination was remarkable for focal signs only in two patients (3%). Thirty-nine (50%) had a history of sGTCS. Preoperative seizure frequency was yearly in 2 (3%), monthly in 31 (40%), weekly in 37 (47%), and daily in 8 (10%) patients. 
MRI findings
Preoperative MRI revealed TB in 40 and 38 TLE-HS patients, according to the first (AD'A) and second (GG) independent rater, respectively. There were 10 cases of disagreement that were discussed until consensus was reached, yielding a total of 39 cases with blurring. The inter-rater agreement was high, as indicated by a Kappa coefficient of 0.74 (p < 0.001).
Regarding TA, according both to the first and second independent rater it was present in 32 cases. However, there were four cases of disagreement that were discussed until consensus was achieved, yielding a total of 32 cases with TA. The inter-rater agreement was very high, as indicated by a Kappa coefficient of 0.89 (p < 0.001).
There was a considerable degree of overlap between TB and TA, as 22 out of 32 (69%) patients with TB showed also TA (p = 0.01). No temporopolar abnormalities were detected on preoperative MRI in 29 cases. Fig. 1 shows preoperative 3 T MRI images of a patient with left HS and ipsilateral temporopolar abnormalities.
Histopathological findings
The diagnosis of HS was confirmed in all 78 patients included in the study. Histological abnormalities of temporal cortex were reported in 23 out of 78 patients (29%): 6/29 (21%) in no TA/TB group (1 patient with subpial Chaslin's gliosis [SCG], 1 with SCG and abnormal aggregations of oligodendroglia [AAO], 2 with AAO, 1 with ectopic neurons in the white matter, 1 with AAO and ectopic neurons in the white matter); 2/10 in TA group (1 patient with SCG, 1 with cortical microdysgenesis); 7/17 (41%) in TB group (6 patients with SCG, 1 with SCG and AAO); and 8/22 (36%) in TA/TB group (4 patients with SCG, 1 with SCG and AAO, 2 with ectopic neurons in the white matter, 1 with AAO and ectopic neurons in the white matter).
Variables associated with MRI abnormalities
Demographic and clinical characteristics of patients who had temporopolar abnormalities and those who did not are summarized in the Table 1 . Patients with temporopolar abnormalities did not significantly differ from those without temporopolar abnormalities with regard to sex, age, age of epilepsy onset, duration of epilepsy, history of febrile convulsions or birth complications, side of surgery, seizure frequency at surgery, presence of GTCSs, neuropsychological scores and, in particular, seizure outcome. The only between-group difference was a less frequent family history of epilepsy in the TB group (p < .05), while age at epilepsy onset showed a trend to be lower in the TB group (p = .09). Patients with TA did not significantly differ from those without TA on any variable, except for age at epilepsy onset, which was significantly lower for the TA group (p < .05). History of birth complications and longer duration of epilepsy also showed a trend to be associated with TA (p = .08).
In a multiple logistic regression model including TB as dependent variable, and as independent variables those significantly or nearly significantly associated with TB or TA in univariate analysis, i.e., age at epilepsy onset, duration of epilepsy, and risk factors (history of febrile convulsions or birth complications, family history of epilepsy), the model was significant (Chi square 15.3, df 5, p < .01; Nagelkerke R square.24), and only the absence of family history of epilepsy was found to be a significant predictor (p = .02), while history of birth complications fell short of significance (p = .09). In a similar regression analysis with TA as dependent variable, the model was significant (Chi square 13.4, df 5, p = .02; Nagelkerke R square.21), and only history of birth complications was found to be a significant predictor (p < 0.05), while the presence of family history of epilepsy fell just short of significance (p = .05).
There was no significant association between blurring and histopathological abnormalities (p = 0.14). Of 39 patients with 
Seizure frequency at surgery [N (%)] Patients with histopathological abnormalities did not significantly differ from those without such abnormalities with regard to sex, age, age of epilepsy onset, duration of epilepsy, family history of epilepsy, history of febrile convulsions or birth complications, side of surgery, presence of GTCSs, and neuropsychological scores. Also, the presence of histopathological abnormalities was not associated with surgical outcome, as a good outcome (Engel class 1a) was observed in 13 out of 23 patients (57%) with histopathological abnormalities and in 39 out of 55 patients (71%) without such abnormalities (p = 0.33). The only significant between-group difference was a greater seizure frequency at surgery among patients with histopathological abnormalities (p = 0.02).
The patients with both temporopolar blurring and histopathological abnormalities did not display a significantly worse surgical outcome, as the percentage of patients with good outcome (Engel class 1A) was 53% (8/15), 67% (16/24), 63% (5/8), and 74% (23/31) in patients with both blurring and histopathological abnormalities, blurring alone, histopathological abnormalities alone, and neither blurring nor histopathological abnormalities, respectively (p = 0.56). Similar results were observed for TA, as the percentage of patients with good outcome was 50% (5/10), 77% (17/22), 63% (8/ 13), and 67% (22/33) in patients with both TA and histopathological abnormalities, TA alone, histopathological abnormalities alone, and neither TA nor histopathological abnormalities, respectively (p = 0.47).
Concerning memory outcome, RM-ANOVA did not reveal significant changes over time in scores on either the RAVLT or the ROCFT (both immediate and delayed recall). Also, no significant time TB or time TA interaction was found, which indicates that ATL did not lead to any significant change in verbal and visuospatial memory, and that temporopolar abnormalities did not affect how scores on memory tests changed after surgery.
Discussion
This study, in line with previous findings on this issue, confirmed that the presence of temporal pole abnormalities, namely TB and TA, detected by 3 T MRI, did not predict seizure outcome in a group of patients with drug-resistant TLE-HS, followed up for more then 4 years, on average. Patients with temporopolar abnormalities did not significantly differ from those without TB or TA with regard to sex, age, age of epilepsy onset, duration of epilepsy, history of febrile convulsions or birth complications, side of surgery, seizure frequency at surgery, presence of GTCSs, and, in particular, seizure outcome.
Also, the patients with MRI temporopolar abnormalities and coexistence of histopathological abnormalities did not significantly differ from those with TB and/or TA without histolopathological correlate, in terms of clinic-demographical variables and seizure outcome.
On the other hand, patients with temporopolar abnormalities show a less frequent family history of epilepsy and have a lower age at seizure onset. Multivariate analysis corroborated the association between temporopolar abnormalities and absence of family history of epilepsy as well as the presence of medical history of birth complications.
According to previously reported data in the literature [6] [7] [8] [9] [10] , temporopolar abnormalities, observed in more than half of patients, were always ipsilateral to HS [5,7,9-12]. Thus, their presence might play a role in lateralizing the temporal epileptogenesis [13, 14] .
Although 3T has been found to be superior in detecting and characterizing other epileptogenic brain lesions (i.e., focal cortical dysplasia and transmantle sign) [15] , the finding that the percentage of patients with temporopolar blurring or TA was similar in the present study and in our previous study using 1.5T MRI suggests that 3T MRI does not substantially increase the detection of temporopolar abnormalities as compared with lower field MRI scans in TLE-HS patients. However, the studies were performed on different, though similar in most respects, patient groups, so the lack of a formal, direct comparison of the two field strengths does not allow us to draw definite conclusions about this issue.
Several studies showed an association between TB and earlier seizures [7] [8] [9] [10] [11] . In the present work, we found that age at epilepsy onset was significantly lower for the TA group. The same finding was found for TB group in our previous study, even if it did not reach statistical significance [5] . Although reported, we think that these differences in age at epilepsy onset in patients with temporopolar abnormalities should be interpreted with caution as clinical details of early seizures are often vague and not well remembered when obtained in adulthood [7] .
Consistently with previous studies [5, 11] patients with temporopolar abnormalities displayed longer duration of epilepsy, suggesting that the cumulative damage due to chronic seizures may play a role in causing TA or TB. In line with this theory, Garbelli et al. [11] , based on ultrastructural study, hypothesized that that TB is a slowly evolving chronic degeneration with the redistribution of the remaining fibre bundles caused by early onset epileptogenic discharges and subsequent persistent seizures. In the present study, we found only a trend for the association between longer duration of epilepsy and TA but not for TB. Other authors [8, 10] , based on an earlier occurrence of the seizures in TB patients, suggested that TB is caused by seizure-related insults in the first years of life.
In the present study we observed an association between history of birth complications and temporopolar abnormalities, suggesting a role also for non epileptic insults occurring early. Thus, other factors such as genetic susceptibility (in the present study the analysis of family history of epilepsy showed ambiguous findings, as absence of family history of epilepsy was found to be a significant predictor in TB group but, on the other hand, the presence of family history of epilepsy fell just short of significance in TA group), number and intensity of seizures in the critical period of myelination process, and normal variations of the period of active myelination may contribute to the genesis of temporopolar abnormalities.
Several studies showed also an association between TB and lower scores at some neuropsychological tests [5, 11] . On the other hand, others studies [8] including the present one, failed to found different profile in neuropsychological scoring. Probably, both hindrancy (lower age at onset) and chronicity (higher age at surgery) effect often found in patients with temporopolar abnormalities [5, 11] could have played a role in determining the differences on neuropsychological test scores
In the present study, we did not found any significant difference in seizure outcome after surgery between patients with and without temporopolar abnormalities. This finding is consistent with those of the majority of previous studies [7, 9, 11, [16] [17] [18] . A possible criticism could be the issue that in most patients operated for TLE-HS, surgery consisted in ATL whether TB/TA were present or not. However, Schijns and colleagues [18] , reported that limited (selective amygdalo-hippocampectomy) and standard resections (ATL) are equally successful regardless of the presence of temporopolar abnormalities. Therefore, current literature data appear do not support the hypothesis that temporopolar abnormalities have an intrinsic epileptogenicity in most of the patients with TLE-HS.
As far as the limitations of the present study are concerned, they substantially overlap with our previous work [5] : in particular, the relatively small sample size and its provenience from a single site as well as its retrospective nature, which prevented to perform any additional neuropathological examination. In our sample about 20% % of patients with no visible changes have histopathological anomalies and about one third with visible atrophy and blurring have histopathological findings. Although these findings could represent a sensitivity problem due to the visual classification of MRI scans in absence of quantitative MRI measurements, they could be alternatively considered as not specific anomalies probably because the "standard" histology level could be not able to disclose the pathological correlate of visual blurring. Garbelli et al. [11] found that "standard" histology showed in all their cases, regardless of the presence/absence of blurring, a variable degree of gliosis of the white matter as well as ectopic neurons in the white matter with no differences.
Also, the standard qualitative and not advanced or quantitative MRI findings and post-processing analysis, has limited us to draw sound conclusions on the presented results. In fact, quantitative MR image-analysis techniques provide metrics for the assessment of structural integrity of the human brain, thus improving detection of abnormal brain tissue, including changes that may not be readily recognizable by visual analysis alone. As regard the latter limitation, Sankar and colleagues [19] clearly highlighted the importance of quantitative analysis of the MR images using MRI volumetry and texture analysis. They found that MRI postprocessing allows dissociating different pathological tissue characteristics and shows that atrophy involves gray and white matter, whereas blurring is confined to white matter. Although no clear association between volumetric or textural changes of temporopolar cortex and its white matter and outcome after surgery have been demonstrated, structural changes of these distinct structures were found ipsilateral to the seizure focus in the majority of TLE patients with hippocampal sclerosis.
Conclusions
Temporal pole abnormalities are common MRI findings in TLE-HS patients and may contribute in lateralizing the epileptogenic zone. Although the presence of these structural alterations seems do not influence seizure outcome, it might be considered as a marker of epilepsy chronicity in TLE-HS.
